An experiment was conducted in a primary forest area of the Tropical Forest Experimental Station, 45 km from Manaus-Boa Vista Highway, in order to compare the insect fauna of the subfamily Scolytinae, in flight activity and on the ground. Five impact traps of the type Escolitideo/Curitiba, with ethanol baits, were installed at the height of 3 m above the ground, and five pitfall traps were buried in the same area of the above ground traps. The data collections were evaluated through abundance, richness, and Simpson diversity index, and, to compare these data with the pitfalls and the months collection, the ANOVA was used. The Pearson correlation test was also carried out to evaluate the meteorological factors (temperature and rainfall). From the total of 2,910 Scolytinae, 2,341 were captured in pitfall traps representing 80.45% and 569 with Escolitideo/Curitiba traps representing 19.55%. The most abundant species in the collections were Xyleborus volvulus Fabricius and Xyleborus affinis Eichhoff, and this was classified as constant in both habitats. The result of the analysis indicates that the Simpson's index was high and that the abundance of insects was affected by the types of trap and by the month of collection. The analysis of correlation with meteorological factors showed that only Xyleborus spinulosus species presented significant correlation with temperature.
Introduction
The Scolytinae are mostly secondary predators by developing under natural conditions in trees injured, hit by lightning, fire, plants nutritionally deficient, drooping, and so forth, but can attack healthy plants also [1] . This subfamily presents species phyllophagous (bark beetles), which feed on the phloem tissues, that is, the inner part of the bark of the tree, and xylomycetophagous (beetles of ambrosia) which have as their main food symbiotic fungi, which introduce and cultivate in the host plant [2] [3] [4] . The beetles xylomycetophagous attack preferably sapwood which is richer in nutrients, but in some species of wood, the attack also happens in the heartwood [5] .
The Scolytinae attack usually begins within twenty-four hours after the tree is cut and each forest species has greater or lesser resistance, but none is totally free of infestation by these insects. The resistance presented by each species is probably related to the attractive substances and the wood hardness which undoubtedly influences the speed of penetration and the general importance of the attack.
These insects have been captured in various regions of the world. In the Amazon region they were also found attacking several hosts, such as forest and fruit trees, as shown in some studies carried out by Mendes [6] , Abreu and Dietrich [7] , Abreu [8] , Abreu and Bandeira [9] , Barbosa [10] , Dall'Oglio and Peres-Filho [11] , and Matias and Abreu [12] .
Studies involving biology and ecology of this subfamily have also been conducted in the Amazon, using mainly flight intercept traps, in which an attractive substance is used [13] [14] [15] . These insects have also been found in other substrates, as shown by surveys conducted by Schubart and Beck [16] , Penny and Arias [13] , Morais [17, 18] , and Rodrigues [19] , in samples collected from trees, leaf litter and on the ground, Psyche where various types of traps were used, including the pitfall trap. Therefore, the capture of these insects on the ground and in flight activity is important for the complete knowledge of their life cycle, and at the same time, to know if the species caught in flight are the same found on the ground.
Material and Methods
This work was carried out with beetles of the subfamily Scolytinae collected in the Tropical Forestry Station, 45 km from Manaus, on the BR-174 highway, with an area of 21,000 ha and geographical coordinates 02
• 35 55.5 South and 60
• 02 14.8 West of Greenwich. In this area the average minimum annual temperature is 20
• C and the maximum 26
• C, with an average relative air humidity of 77% [20] . The soil of the region is clayey, and it can be classified as Oxisol and Ultisol [21] .
Five modified impact traps of the type Escolitídeo/ Curitiba (EC) were used for this survey, using 100% commercial alcohol as attraction [22] , for the capture of the insects in flight, and five pitfall traps for capture of those with activity on the ground. The collection period happened from July 2005 to July 2006.
The impact trap consists of a conical cover, a panel of impact, a funnel, and a bottle for collection, containing alcohol 30% with detergent. The bait is placed inside a glass bottle attached to the panel with a pierced cap to allow volatilization. The traps were installed at a height of 3 m above the ground, and with, the aid of a nylon rope, they were tied to two trees at a distance of 30 m from each other (Figure 1(a) ).
The pitfall trap consists of a 500 mL glass bottle, an acrylic sheet, 25 cm × 25 cm, and four PVC tubes with 40 cm in length. During the assembly, the bottles were buried, leaving the openings at the ground level to allow the insects to fall inside them. Picric acid at 0.003% concentration, which is considered neutral, that is, does not attract or repel the insects, was used to preserve the insects. The acrylic sheets were used as coverage, which were supported by four PVC tubes, buried to half of their lengths (Figure 1(b) ).
The samples were collected weekly, when the renewal of the bait and liquid preservatives were made. The collected beetles were identified by means of direct comparison with specimens of the Invertebrate Collection of the National Institute for Amazon Research. Taxonomic identification keys were also used [1, [23] [24] [25] [26] [27] [28] .
The faunistic analysis was obtained through absolute and relative abundance, constancy, species richness, and the calculation of the Simpson diversity index referring to each month of collection. Absolute abundance was done by direct count of the individuals and the relative abundance, by the calculations of the percentages of individuals of each species in relation to the total number of captured individuals [29] . The constancy was determined by the percentage of occurrence of the species in the collections. According to the obtained percentages, the species were separated into the following categories: (a) constant species (W) present in more than 50% of the collections, (b) accessory species (Y) present in 25 to 50% of the collections; (c) accidental species (Z) in less than 25% of the collections [30] . The Simpson diversity index was calculated according to the formula:
where n is the number of sampled individuals for each i species and N is the total number of sampled individuals.
The analysis of abundance, the Simpson's index, and the richness of the species as a function of the type of trap and the months of collection was done by ANOVA. For these analyses data were transformed into log (x + 1), and the significance level was P < 0.01. The monthly fluctuation analysis of the four most abundant species was also carried out, relating the number of collected insects in each type of trap with the data of temperature and rainfall by Pearson Correlation [31] .
Results and Discussion
According to the data shown in Tables 1 and 2 , 2,910 Scolytinae specimens were captured, from which 2,341 with the pitfall trap, representing 80.45% and 569 with the EC trap, representing, 19.55%. The data show the existence of nine genera and 26 species. The Xyleborus genus stood out from the others because it represented 97% of the collection in the pitfall trap and 57.14% in the EC trap. The predominance of this genus has already been observed in the work carried out also in primary forest by Abreu [14] .
From all the species captured with the pitfall trap, the ones that stood out are the species Xyleborus volvulus Tables 1 and 2) .
Quantitatively there was some numerical superiority for the pitfall trap because it was responsible for almost 90% of the collected specimens, but, in richness, there was some advantage for the EC trap. While this trap was responsible for the capture of 25 species, the pitfall trap captured only 13 Tables 1 and 2 ).
In relation to the analysis of richness, abundance, and the Simpson's index, the results indicate that the of Simpson's index (R 2 = 0.098; F 11,96 = 0.953; P = 0.4939) was not affected neither by the type of trap, nor by the month. On the other hand, the abundance (R 2 = 0.4361; F 11,96 = 6.75; P < 0.001) is related to the month of collection, and the type of trap and richness (R 2 = 0.337; F 11,96 = 4, 436; P < 0.001) is only affected by the month of collection. The result of these indexes for each sampled point and month of collection is represented in Tables 3 and 4 Regarding the constancy, in the pitfall trap, three species have been considered constant, two accessory and 6 accidental. In the EC trap, three species have been considered constant, five accessory and 16 accidental. It was also observed that the X. affinis species was constant for the two traps, becoming evident the importance of this species in the studied environment.
The analysis of correlation of the number of insects with rainfall and temperature indicates that only the X. spinulosus species was affected by the temperature (r = 0.443; P = 0.039), since the number of individuals increased as a function of the temperature. Although the temperature is considered one of the most important climatic factors in the development and survival of the beetles of the Scolytinae subfamily, it tends to be higher in the microclimate of the host, but less prone to sudden fluctuations in the external environment [1, 32] . This was observed in the course of this work and probably that is why this factor did not influence the activity of these beetles on external environment, that is, in flight activity and on the ground.
Data from insects collected with pitfall traps and Escolitideo/Curitiba traps relating rainfall and temperature with the number of insects of the four most abundant species are represented in Figures 2, 3, 4 , and 5. In these figures it can be observed that for the pitfall trap, the species X. affinis, and X. volvulus When analyzing the rainfall data some studies suggest that this factor influences on the population and the behavior of the Scolytinae, observing that high values of precipitation affect the abundance of these insects [32, 33] . Other authors presented the opposite, as shown in a study carried out by Flechtmann et al. [34] , where the capture peak of Scolytinae coincides with high intensity of rainfall.
In this context and based on the outcome of this work, it can be affirmed that temperature and precipitation did not affect the activity of most of these insects, both in flight and on the ground. These results agree with Hulcr et al. [35] claiming that circumtropical species, like X. affinis and X. volvulus, are usually not affected by climatic factors, since they are found in rainy and dry weather.
In this work it has been observed that, despite the 25 species captured with the EC trap using alcohol as attraction, the number of specimens is considered small if compared to the pitfall trap. In forest plantations in Brazil with a single forest species, the capture of these insects using this kind of attraction has been more efficient [22, [36] [37] [38] . In a primary or secondary forest, the substrate is very rich, due to Psyche The majority of the captured species belong to the Xyleborini tribes, with 13 species, distributed in the genera Xyleborus, Sampsonius, Premnobius, and Theoborus, followed by Corthylini, with the genera Monarthrum and Amphicranus. These species are prevalent in tropical regions, with xylomycetophagous habits, that is, feed on fungi that grow inside the plant. Another tribe found was Cryphalini, with the genera Cryptocarenus and Hypothenemus, also common in tropical regions, with varied eating habits, being considered myelophagous because they feed on pith and buds, phloephagous, feed on the tissues of the phloem, and xylophagous, feed on the xylem [1, 39] . This was also observed in the work of Abreu [14] .
The Xyleborus genus was represented by six species, but Xyleborus volvulus and X. affinis were dominant and found both in flight and on ground. These species are quite common and abundant in primary forest of Amazonas State, according to the work of Abreu [14] and Matias and Abreu [12] , and, from what can be seen, they also have outstanding preference for the region of the collections, since there is a large difference between them and the other species, including when compared with those that have the same eating habits.
The species X. ferrugineus, despite being regarded as one of the most important and abundant in tropical regions, including being the vector of Ceratocystis fimbriata (Ellis & Halsted) fungus that causes the death of several plants [1, 40, 41] presented low abundance, confirming the work carried out by Abreu [8] , Abreu and Bandeira [9] , Matias and Abreu [12] , and Abreu [14] . In contrast, many works carried out in the South, Southeast and Midwest of Brazil show that this species is abundant in those regions [22, 33, 34, 36, 37] , being considered fairly common in Brazil. Another very representative genus was the Sampsonius, with five species, including S. dampfi. The species in this genus also feed on fungi that grow in the host. As females are unable to construct an entrance tunnel in the plant, they look for recently constructed galleries of Xyleborus, appropriate for their bodies. After entering, they wait until the tunnels are extended, cleaned, and after that they expel the lodgers [1] .
Many Scolytinae are attracted by resin-oils, terpene hydrocarbons or alcohols and other substances emanating from the vascular tissues of newly felled trees, decayed and still with high levels of humidity [3, 4] . In accordance with Hulcr et al. [35] , ambrosia beetles are strongly attracted by hosts that liberate high levels of alcohol.
This work reinforces the theory that ambrosia beetles are common in tropical forests, because these environments present favorable climatic conditions for the development of these insects, as well as their fungal symbionts. Studies carried out by Hulcr et al. [35, 42] in forests of Thailand and Papua New Guinea confirmed this theory.
Conclusions
The capture of Scolytinae in primary forest of Central Amazon shows a low diversity of these insects and the existence of two predominant species in the region. It also shows that many species, in addition to flying, also have activities on forest ground. In this area there are many lignocellulosic materials as trunks and branches of trees, where they can cultivate the fungi they feed on.
The majority of the insects collected in the studied area have no correlation with the temperature and rainfall.
